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Iowa climate: A century of change 
Elwynn Taylor, Professor, Agronomy, Iowa State University 
The first 9 years of the "2000s" have delivered dry streams that had not been dry in 100 years 
and floods that set new record high crests. The average number of stormy days consistently 
climbed. Corn yields climbed and the annual deviation from the trend yield diminished, yet 
history says "this is the y ct time yields have been consistent over a run of a decade or more." 
The climate has always changed and always will change. Historically, the roots of the National 
Weather Service began with the initial mission of "keeping a diary of the weather," and 
establishing "any material change in the climate ... and if so .. . its dependence upon cultivation 
of the soil, density of population, etc ." With the original mission again at the forefront we find 
that 191 years of experience has not answered the questions in full , but has given a sense of the 
climate variability. Dealing with the risks imposed by long-term and decade scale variability has 
become increasingly important to producers and to consumers as well . 
Climate is the basis of relatively consistent Midwest corn yields during the past 11 years . Records 
indicate that such conditions are not unique . Climate exhibits decade scale variability as well 
as long-term change. Precipitation, summer heat , and frost risk seem to cycle in a 50-year to 
60-year period. Some researchers involved in physical description of climate changes (climate 
modelers) have surmised that man-made conditions have reached the point of dominance 
in our climate , others contend that the global scale impact of cyclic marine events (El Nino, 
Pacific Decadal Oscillation, North Atlantic Oscillation, etc.) are not likely to have their cycles 
broken quite so suddenly as this. The latter group cautions us not to assume the current run 
of conditions will persist and not to be surprised if the global temperature diminishes over 
an interval of 20 to 30 years while the globe continues to warm (remember your High School 
teacher telling you that heat and temperature are not the same thing and can even move in 
opposite directions7). Personally I fall into the latter group (it appears that most climatologists 
with more than 40 years in the profession do , perhaps it is just a function of age). At least until 
proven wrong, I think it a mistake to assume that the consistent Midwest crop yield trend will 
continue indefinitely. 
Floods 
Observations to solve the confusion as to the nature of climate change and to identify the extent 
of natural or human influence are about to enter their y ct century. It was 1818 when the US 
Government established the Climate Observation Network that in time became the National 
Weather Service. Each military instillation was required to maintain a standardized Diary of 
Climate Observations. The responsibility fell to the instillation physician, apparently it was 
important to have a person who could write and had a thermometer. In time the responsibility 
was transferred to the Signal Officer and ultimately the weather service became the responsibility 
of the Department of Commerce. 
Iowa has several climate observation sites with records extending some years before 1900 that 
have rather complete records up to the present. A count of the annual number of days reported 
to have precipitation from the 1890s up to now, for the same Iowa sites, showed that Iowa 
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climate stations experienced about 60 days with precipitation during the early 1890s and 120 
days with measurable precipitation by the year 2000. The increased rain days appears to be 
somewhat cyclic over the history indicating possible changes on the order of 20 years and a long 
term climate change as well. 
Days with Precip per Year 
Based on 351ong term climate sites in Iowa 11893-2.007) 
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Figure 1. Annual days with measurable precipitation at 35 climate recording sites across Iowa from 1893-2007. 
The data indicate the number of days when rain was reported at the climate stations. The increase over time is 
influenced by both the number of storms and the area covered by storms as each would influence the chance of ra in 
at the measurement point. Data and graphic provided by www.mesonet.agron.iastate.edu, Daryl Herzmann. 
The annual amount of precipitation varies from year to year and intervals of somewhat moist 
or somewhat dry over a period 20 or so years are apparent. The "cyclic" dry or wet series of 
years allows us to compute the risk of both drought and flood for some years in advance. 
Climatologists speak of deviation from normal temperature or precipitation. The "normal" is 
defined as the average of 30 years of record. The current normal is established by the 1971-2000 
period. The normal interval was established in an effort to identify long-term climate change 
with minimal impact from multi-year cyclic weather trends. Overall Iowa (together with most 
Midwest states) has experienced a long-term increase in annual precipitation. The increase for 
central Iowa was near 10% over the latter half of the past century A relatively small increase of 
precipitation can result in a large impact on stream flow. 
20081ntegrated Crop Management Conference- Iowa State University- 11 
Ames, lA Precipitation, 1893-2007 
y = 0.0517x- 69.076 
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Figure 2. Annual precipitation at Ames, Iowa 1893-2007. The increase in annual precipitation is consistent with 
observations throughout Iowa. Relocation of the observing site and changes in the type of rain gauge as well as land 
use changes near the site impact the long-term record . Single site records (such as this) are compared with near-by 
stations to determine the validity of apparent changes in climate. 
Precipitation in excess of evaporation from land, plants, and water bodies is either retained 
in the soils, ponds, and subsurface features of the landscape or appears as run-off in rivers 
and streams. Also there is some consumption of water by other, human, activities. Vegetation, 
including agricultural crops, utilizes about 25 inches of water per year, if sufficient water is 
available in a timely manner. Naturally intense precipitation events result in almost immediate 
run off, however, light to moderate events may infiltrate the soil and run off is limited to the 
amount in excess of the capacity of the landscape retain moisture. If precipitation does not 
exceed the potential utilization by the vegetation the streams will soon diminish and cease to 
flow altogether. Imagine that 25 inches of precipitation fell over the course of the year and the 
streams were dry although the crops did well, such as was the case in much of Iowa during 
2002. If 26 inches of precipitation fell the streams would have a trickle. Add another inch, 27 
inches, and double the stream flow. A year with 29 inches of moisture would double the flow 
again. At 33 inches we have doubled the stream flow one too many and flooding becomes likely. 
Historical flow of Iowa rivers has responded to the increased trend in precipitation in this very 
way, the average annual flow of most if not all Iowa rivers has doubled during the past 50 years. 
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Accordingly the rivers are at levels of increased flood probability some six times as often as under 
the previous regime of precipitation. When the rivers are in flood prone condition six times as 
often we might expect 100-year flood levels to return at six times the frequency as well. The 
approximate return period of the 100-year flood level thus becomes 17 years . 
1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 
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Figure 3. Average annual flow. The average annual flow in the Turkey river of NE Iowa is typical of the flow pattern 
noted for rivers throughout Iowa. When the average flow exceeds 1400 units the river, somewhat arbitrarily, becomes 
"flood prone." The increased flow of the past 50 years has resulted in a six-fold increase in the number of flood prone 
years (and likely in the actual number of floods as well). Data from; http://nwis.waterdata.usgs.gov/ia/nwis/annual 
The reality of a 17 year return period of severe flooding makes a significant impact on flood 
risk planning; should a building be repaired after receiving flood damage or is it more 
advantageous to relocate the facility? Climate is in a continuous state of change. Historically, 
annual precipitation waxes and wanes over an approximately 60-year period. If the Midwest 
has entered a 30-year drying phase the probability of serious flooding will diminish somewhat 
over a period of a few years . Most climate models currently assume that 60-year type cycles have 
been broken and global scale trends will be consistent with increasing "green house" forcing of 
the climate. Major flooding should be expected to be increasingly common. Global Circulation 
Models have greatly improved over the past 20 years but the scientists developing the models 
seem to still be finding ample challenge for their intellectual abilities . Old school climatologists 
would be surprised if long-term trends stabilize. This means that if "global heating" is in control 
the incidence of flooding will continue to increase and if long-term climate "cycling" still has 
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an influence some reversion to conditions more like the 1960s is possible during the coming 
30 year interval. The latter condition may reduce flooding risk while global scale warming may 
cause the flood risk to continue to increase. Rough computations for a global scale warming of 5 
degrees anticipate 100-year flood levels at a risk level of one in five. 
Freeze 
The freeze sets the limit of the Midwest growing season. Generally we consider spring crops to be 
sensitive to freezing temperature although the leaves and flowers of most plants are not damaged 
until the temperature is somewhat below 32F Because it is often a few degrees colder near the 
ground than it is 4 or 5 feet above the ground where the temperature is typically measured the 
assumption that 32F is the "killing" temperature is appropriate in spring. The killing freeze for 
Corn and Soy in the fall is considered to be 28F The same rules apply as in the spring but the 
crop is more robust and the crop canopy itself is a protection to the near-ground parts of the 
plants. The 56 year historical average last 32F temperature in the spring is April 24th in central 
Iowa. The average date of the first 28F freeze of fall is October 19th. 
The average date of freezing does serve to give guidelines as most producers do not want a 50/50 
chance of a killing freeze. Although central Iowa may be frost free after April lOth (1987, 2006), 
occasionally the last freeze has been as late as May 13th (1997). Although spring in recent years 
is some 7 days earlier than in the 1950s there has been little change in the risk of spring freeze. 
Basically a freeze in central Iowa is rare after May 1Oth Most are willing to take a bit of a chance 
on the 1 in 5 risk of frost damage to corn that has emerged by May 5rh since freezing of the leaves 
of the very small plant is normally not a major setback to the corn as the growing point of the 
plant is protected by a recessed position in the plant. 
The first fall killing freeze may be well before the average date. However, seriously early fall 
freeze has been minimal since the early 1980s. Accordingly many farmers seem willing to take 
the chance of an early freeze when they consider the yield advantage of the full season crop 
although untimely freeze would be costly. In summary the impact of the changing climate on the 
frost free season is present but the impact on agriculture is not substantial to date. 
Drought 
The US Corn Belt has not suffered serious drought since the event of 1988. This is not to say 
that drought has not been a factor during subsequent years. Most crop yield models that have a 
record of accurate prediction are based on crop water availability. Water availability has remained 
the most limiting factor during the past 20 years. However, temperature considerations are a 
close second and in several years have been dominating (including 2008). Seven consecutive 
years of above trend corn yield in Iowa is unprecedented but is not totally out of character for 
the pattern of crop-weather response observed since corn yield records began in the 1860s. 
Three cycles of consistent yield separated by a multi-year interval of erratic yield have been 
noted. 
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Figure 4. Length of the central Iowa growing season in days. The length of the growing season just west of Ames, 
Iowa shortened from 1950 through 1974 and has subsequently recovered to approximately the conditions of the 1950s 
during the past 15 years. The pattern resembles that of the global scale change in average annual temperature. 
During the past season (2008) rain fall diminished across most of Iowa during july and August. 
Because of late planting and planting into excessively wet soils root systems did not appear to be 
normally vigorous. In past wet springs crops have suffer substantial yield loss during stressfully 
hot summer days when plants were unable to obtain sufficient moisture to satisfy atmospheric 
demand. During the 2008 season the temperature was not excessive during the summer (no high 
temperature records were set in the state of Iowa). The subsequent reduction of water demand 
was within the capacity of the existing root systems, resulting in yields that generally exceeded 
the trend. 
Tree ring data indicate that serious drought in the central and eastern US recurs at approximate 
intervals of 19 years. Over the past 800 years (in Virginia) the longest interval between serious 
droughts is 23 years. If the Corn Belt passes 20 ll without experiencing serious drought an apparent 
new record for the Midwest and eastern US will be established. We have no observed insistences of 
wide-spread drought in the Corn Belt during El Nino events. However, drought risk is greater than 
the average during La Nina years. The La Nina in place in September and October 2008 may or 
may not persist to increase drought risk during the 2009 season. Additionally the La Nina tends to 
be associated with volatile winter conditions. The redevelopment of La Nina during the fall of 2008 
opens the possibility of a winter not unlike the 2007-8 winter season in the Midwest. 
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Figure 5. Iowa corn yield 1945-2007. Intervals of consistent yield and of erratic yield are evident throughout the 
recorded history of corn production in the US. 
Growing degree days 
The growing degree day computation is intended to sum the aspects of temperature that most 
influence plant development. The unit is defined by the low temperature when plants cease to 
grow and the high temperature where stress usually initiates (SOF and 86F for corn). There is 
no apparent change in the monthly accumulation of growing degree days from 1893 until the 
present for the summer months at Ames, IA. However, no other locations have been analyzed. 
Summary 
It will not be a surprise if the winter harshness this year is similar to the 2007-8 winter. Also, 
moist conditions at planting would be expected but not to the extent of the record flooding that 
occurred during the past spring. Growing Degree Days lagged seriously in many areas during 
2008. This delayed crop development but after flowering it served to allow extended calendar 
days for crops to gain dry weight. We cannot expect a repeat of this condition. It is not known if 
the La Nina condition that established in late summer and fall will persist into the 2009 growing 
season. However, if it does, it will increase the risk of adversely hot weather during the summer. 
It would be nice to have another year of national corn yields that exceed the trend, but history 
does not give us reason to think the weather will cooperate for so many consecutive years. 
